
647

pain escapes at this juncture; this cry is necessarily accom-
panied by an open state of the glottis. The opening of theglottis is not at all accidental or voluntary, but is as regular
and involuntary as its closure during the propulsive pains. Its
effect is suddenly to take away the expiratory pressure from
the expulsive action. Without this combined action of the
glottis, and the sphincters of the rectum and bladder, for the
defence of the ostium vagin&aelig;, recto-vaginal laceration must be
a more common accident of parturition. Such would inevitably
be the frequent result of closure of the abdominal and thoracic
cavities at all points, except that of the point of exit for the
fcetus, in the final throes of labour.

, Altogether, it must be conceded that parturition is the most
voluminous of all the motor functions. The human uterus
contracts sometimes sufficiently to render the hand of a strong
man powerless. In order to illustrate the wonderful muscular
power of the heart, the circulation in the whale or the elephant
is often referred to by physiologists; but enormous as is the

power of the heart, in these animals, the parturient actions by
which they bring forth their enormous young give us the most
colossal idea we can entertain of any single muscular action.
In the human subject, too, there is a certain grandeur in the
combined efforts brought into play in parturition. In women,
even of moderate strength and stature, every voluntary muscle
of the body is in strong action; the excito-motor force is in a
state of the greatest activity; the uterus, unseen, and without
any participation with the will, is making its immense con-
tractions ; and emotion imparts strength to both voluntary and
reflex actions.
A temporary calm follows the energetic actions which issued

in the delivery of the mother. After the excessive action in
which nerve and muscle seemed strained to the utmost pitch,
there comes a sudden and profound repose; there is perfect
freedom from pain; every fibre is relaxed; only the uterus now
contracts of all the muscles which were so lately struggling.
Like some ship which turns from a tempestuous sea into a safe
and quiet harbour, the new mother passes from the storm of
childbirth into the tranquil haven of maternity. In the pa-
thetic words of Scripture, " A woman when she is in travail
hath sorrow, because her hour is come: but as soon as she is
delivered of the child, she remembereth no more the anguish,
for joy that a man is born into the world."

In the Supplemental stage, the placenta is detached and
thrown off, and the uterus contracted, so as to prevent the 
occurrence of haemorrhage.

While the body of the child is born by the motor actions I
have been describing, the contracting uterus follows closely
upon it in its descent, and the action of the uterus, excited at
this time from the immense irritation of the vagina by the ad-
vancing foetus, is frequently sufficient to throw off the placenta,
and lodge it in the upper part of the vagina. When the pla-
centa is not separated in this way by the last expulsive pain,
it remains quietly in the uterus until the appearance of the
first after-pain. During this interval the uterus contracts with
tolerable firmness, under the influence of the excitement of the
act of expulsion. If the placenta has been expelled into the
vagina, its presence in this situation excites, after awhile,
bearing-down pains and contraction of the vagina, similar to
those of propulsion and expulsion, only far more inconsiderable,
generally requiring slight traction of the cord to complete its
removal. When the placenta remains in utero, it becomes

separated from the uterine surface by the contractions of the
uterus, and by the arrest of the circulation in the umbilical
cord. It is then removed by a miniature copy of labour itself;
there is a dilitation of the os uteri, and there are the propulsive
and expulsive actions of the uterus and the expiratory muscles
on a small scale.

After the expulsion of the f&oelig;tus, the first act of the uterus
is to contract, so as to prevent the occurrence of haemorrhage.
This contraction is induced, in the first instance, by the con-
cluding irritation of the vagina and perineaum on the exit of
the fcetus. It is subsequently ensured by a succession of sti-
muli. Of these, some are uterine, others are extra-uterine.
The bulk of the placenta and membranes irritate, in the first
place, the now contracted uterine surface. When placental
separation has occurred, the abraded surface of the uterus is in-
tensely excitor; and as the placental mass passes through the
vaginal passage and ostium vaginae, excitation, which insures
full uterine contraction, is supplied. It is a peculiarity of the
utero-vaginal canal, that at the termination of labour all the
surfaces are more instantly excitor, and the answering motor
contractions become more rapid and more easily provoked.
During severe labour, irritation of the os uteri, or of the vaginae,
will often increase the pains only in a moderate degree ; but

now, the introduction of the hand into the vagina, and irritation
of the os uteri, will excite instant and forcible contraction! of
the uterus. The extra-uterine excitors of uterine action also
come into play in a remarkable manner. As soon as the child
is put to the breast, the slight irritation of the mammary excitor
nerves excites distinct contractions of the uterus. This reflex
relation from the breast to the uterus continues for several
days after parturition, until, in fact, the uterus has returned
to the natural state. As soon as the secretion of milk is esta-
blished, there is, at every afflux of blood to the breasts causing
the sensation termed by women " the draught," an answering
contraction of the uterus. A reflex relation between the
stomach and the uterus is also now set up. Every time the
patient drinks her gruel, or takes her tea, sharp contractions
of the uterus, after-pains, in fact, are excited. Emotion is
another aid to the permanent contraction of the uterus. Any
emotion of the mind will generally produce an after-pain, but
the maternal emotion especially. The emotion produced in
the mind of the mother by suckling her infant induces con-
traction. A day or two after labour, merely presenting the
infant to the mother, without its actual application to the
breasts, will excite the sensation of the draught in the mamm&aelig;,
accompanied by a sudden secretion of milk, and also by con-
traction of the uterus. Thus the close of labour, the return of
the uterine system to the quiet of the unimpregnated con-
dition, is as plentifully provided for as the commencement, or
any of the various stages of the process. For some days after
labour the contraction of the uterus is of an active sphincteric
kind, but its vascular and other tissues rapidly diminish in
size, and it soon becomes, to a great extent, a non-motor organ,
as it was before the time of conception.

[ERRATUM.&mdash;In Fig. 107, page 616, for " 2.4," on the left parietal bone,
read " 2.3."]
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THE third and last point to be determined is-the manner in
which strychnia destroys life. This is still an open question.
According to some authors, animals poisoned by this substance
die in three ways: Firstly, from exhaustion; secondly, from
asphyxia induced by spasmodic closure of the glottis; and
thirdly, from suffocation, arising from the spasms which affect
the respiratory muscles and put a stop to the breathing process.
Not one of these views appearing to me satisfactory, I shall

not offer any remarks on the subject, but at once proceed to
experiment, leaving you to form, from the results obtained,
your own estimate as to the correctness or incorrectness of one
or all of these theories.

Into the thoracic cavity of a dog I inject half a grain of the
acetate of strychnine ; you observe, he at once begins (in thirty-
six seconds) to become tetanic. The eyes are starting from
their sockets, and the pupils are widely dilated; the spasms
cease (in one minute and a-half); the limbs become relaxed ;
there is no perceptible pulse ; no respiration can be detected ;
(the thorax of the dog was speedily opened); the heart is seen
to quiver feebly but twice; it has now ceased to beat, and
the animal is dead. What has been the cause of death ? Cer-

tainly not exhaustion : the number of spasms and their dura-
tion-two minutes at most-preclude this idea. Let us pro-
ceed to test on another animal the value of the two remaining
theories regarding the mode of death by strychnia.

In order, in the first place, to determine if animals poisoned
by strychnine die from suffocation, in consequence of closure of
the glottis, I shall perform tracheotomy, and introduce a wide
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tube into the windpipe of a dog before poisoning him. If he
dies, it is clear that death cannot possibly result from
air not entering the trachea, as the opening in the tube
’will admit an abundant supply. (Experiment suggested by
1’rofessor Sharpey.) If the animal exhibits signs of approach-
ing death in spite of the complete freedom of the passage
for the admission of air into the lungs, I shall immediately
supply to those organs, by means of an artificial respirator in-
vented by Dr. Marcet, the amount of air necessary for the
maintenance of life. This will determine if the symptoms of
suffocation are caused by spasm of the respiratory muscles. If
the animal dies, in spite of the artificial respiration, we shall
have obtained proof that strychnine does not suffocate by
spasm of the respiratory muscles, and shall be forced to seek
another explanation of the cause of death. [The trachea of a
full-grown small dog was laid bare, and a glass tracheotomy-
tube of large calibre inserted into it, without appearing to
cause the slightest inconvenience to the animal. The jugular
vein on the right side was next dissected from the surrounding
tissues, and a solution containing -1 of a grain of acetate of
strychnine carefully injected into the vessel. In four seconds,
before the nozzle of the syringe could be removed from the
vein, the animal became tetanic, the spasms rapidly following
each other, and during the first thirty seconds gradually in-
creasing in intensity. The convulsions of the voluntary mus-
cles of the limbs and of the semi-voluntary muscles of respiration
were not continuous. On placing the hand in front of the
tracheotomy-tube, the air was felt to be expired by sudden
jerks, and, from the frequency of the respirations and the force
with which the air was expelled, the animal seemed to breathe
more than in his normal state. In fifteen minutes, when the
animal began to gasp as if for air, notwithstanding that an
abundance seemed to be supplied, artificial respiration was re- 
sorted to, and not interrupted until the gasping ceased and ’,
the animal appeared more easy. The pulse was 104, and the
artery felt at times to the finger as if affected by spasm. There
was no lockjaw. As the gasping returned, artificial respiration
was again kept up for a few minutes. The animal again ap-
peared relieved, but in a very few minutes symptoms of im-
pending suffocation recurred. The artificial respiration was
this time found to be unsuccessful. * Twenty-eight minutes after
the administration of the poison the pulse ceased; and though
artificial respiration was kept up during nearly a quarter of an
hour, it failed to restore the animal to life.] The experiments
made prove that death from strychnine may occur indepen-
dently, lst, of exhaustion; 2nd, of asphyxia from closure of
the glottis; and 3rd, of suffocation from spasms affecting the
respiratory muscles.

It was a remarkable circumstance in the case of the last
animal operated upon, that while a large interchange of gases
was constantly occurring in its lungs, it presented all the ap-
pearance of an animal dying for want of a sufficient supply of
air. This must have arisen from the fact that the oxygen in
the lungs was either not absorbed into the blood, or not assi-
milated after absorption. The absorption of oxygen by the
blood being a purely physical process, we must, in the absence
of any reason for its non-absorption, set the first hypothesis
aside. The second seems less open to objection, particularly
if we consider the results of some experiments which I made
on the action of strychnine upon the blood. t I found that
strychnia, as well as brucia, possessed the property of dimi-
nishing the power of the constituents of the blood to take up
oxygen and yield carbonic acid. For example :-

EXPERIMENT 1.&mdash;A certain quantity of fresh calf’s blood was
first shaken with renewed portions of air until it had become
thoroughly saturated with oxygen, then introduced into a

graduated glass vessel with 100 per cent. of ordinary air, corked
carefully up, and kept during twenty-four hours in a room of
moderate temperature. In order to favour the mutual action
of the air and blood, the vessel was frequently agitated. At
the expiration of the twenty-four hours, the gas was analyzed by
Bunsen’s method, and the following was found to be its com-
position. In 100 parts-

A second portion of the same blood, to which 0’005 grams of
* This experiment has been five times repeated, and the results have been

found unifurm.
The experiments in question are extracted from a series made at Heidel-

bere. in 1855.

strychnine were added, was confined with the same quantity of
air, for the same time, and treated in every respect in a similar
manner. The gas yielded in this case- 

On comparing the result of the first analysis with the composi-
tion of the common air (oxygen 20’96, carbonic acid 00’002,
nitrogen 79’038) which had been introduced into the vessel, it
is seen that 9 ’63 oxygen had disappeared, and 5 ’96 carbonic
acid now exists where only a trace of its presence could be
detected. In the second experiment, where the strychnine
was present in the blood, no more than 3’14 oxygen had dis-
appeared, and only 2’73 of carbonic acid had formed. Thus it
is seen that strychnine possesses the strange property of pre-
venting the constituents of the blood from absorbing oxygen
and exhaling carbonic acid, and of thus becoming fitted for the
purpose of nutrition. Strychnine is not the only alkaloid
obtained from the nux vomica possessing this power; for brucia
I found to act in a similar manner, though its effects were less
marked. For example: a certain quantity of blood from
another calf was confined with the same quantity of air, and
treated in exactly the same manner as in the foregoing cases.
At the expiration of twenty-four hours the analysis of the gas,
confined with the pure blood yielded--

Thus proving that brucine, like strychnine, possesses the

property of diminishing the power of the organic constituents
of the blood to unite with oxygen and give out carbonic acid.

If the same action takes place in the blood circulating in the
living animal as we here find to have occurred out of the body,
a direct explanation is at once afforded us why the dog upon
which we experimented should feel a want of oxygen, notwith-
standing that a quantity sufficient to support life in the healthy
condition of the animal was supplied. The animal, probably,
was dying, not for want of the presence of a sufficient quantity
of oxygen in its blood, but because the constituents of its blood
could not assimilate the oxygen. The convulsions would not,
in this case, be caused by the stimulating effect upon the spinal
cord of an excess of carbonic acid in the blood; for strychnine
and brucine, we have seen, acting upon blood removed from
the body, cause its constituents to absorb less oxygen and
exhale less carbonic acid than in a normal state. There would
be therefore no excess of carbonic acid. The convulsions were
probably due to disordered nutrition ; the spinal cord receiving
nutritive materials which, not having undergone the oxidizing
process, were unfit for assimilation. A derangement of the
functions of the nervous system would be the result.

Post-mortem Exanaination of the Dog killed by T7 I of a grain
of strychnine, made twenty-for hours after death.&mdash;Rigor mortis
had disappeared (it was very marked eighteen hours after
death); the apex of the heart felt excessively hard, as if the
muscle were in a state of rigor mortis; the right side of the
heart was full of blood, the left side contained but little. Con-
trary to the general idea, the blood was found partly coagulated.
No other appearance worth noticing was presented.
May not death have occurred by failure of the heart’s power ?

It is generally supposed that venous blood excites the heart’s
action. I think, on the contrary, that the beatings of the
heart are excited by the act of nutrition-i. e., by the stimulus
given when oxygen is absorbed and carbonic acid exhaled. For
if we put a frog’s heart into an atmosphere of oxygen, it con-
tinues to beat for a very long time, whereas if it is placed in
carbonic acid, the pulsations cease in a few minutes. With the
cessation of the chemical changes, for the want of oxygen, the
beatings of the heart are arrested.

In frogs suffering from the effects of strychnia, the heart
remains almost to the last free from tetanic spasm. In this
frog you will observe, although the voluntary muscles are
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affected with severe tetanic spasm, the involuntary muscles of
the heart continue to act rhythmically. This small quantity oi
solution of strychnine, however, which I drop upon the organ,
will soon produce tetanic spasm of its muscles. (I saw Pro-
fessor Arnold perform this experiment. I am not aware of its

being published.) The circulation, in the web of a frog’s foot,
seen through the microscope during the tetanic spasm, is
observed to be momentarily arrested during the spasm, and
then to bound onwards with a sudden jerk.
Here is a frog which was poisoned with strychnine two days

ago. While the tetanic paroxysm was very severe, 1 of a
grain of Wourali poison was introduced into the cellular tissue.
In ten minutes, the limbs had become perfectly flaccid, and no
irritation induced a spasm. Two hours afterwards, conceiving
the animal to be perfectly dead, I opened it, and was astonished
to find the heart beating rhythmically. The next day, the
heart was found still beating, and the circulation in the web of
the foot slow, yet regular. Galvanism applied to the limb
accelerated the circulation. Up to the present moment (fifty
hours) the animal has not presented the slightest sign of life;
and yet you see circulation continues.* 

*

I have already mentioned, that I consider the physiological
test the most reliable one for strychnine; and the method of
applying it appears to be by injection into the thoracic or ab-
dominal cavity. When the poison reaches the lungs, it seems
to act most speedily. This is easily explained by the rapidity
with which the poison will be absorbed into the blood through
the pulmonary capillaries. Into this small frog I inject 1
of a grain of acetate of strychnine; into this other, 1 You
may judge by the rapidity with which the symptoms of poison-
ing will ensue, how delicate the tests are, (both frogs became
tetanic in less than ten minutes). A third frog became tetanic
with only 1 of a grain.

In order to apply either the physiological or the colour-test
to strychnia, we must first have the substance in a pure state.
If, therefore, we wish to test for its presence in the digestive
canal, tissues, or blood, we must first seek to separate the
strychnine by a chemical process. The method I adopt, and
which appears to me desirable from the ease and rapidity with
which it can be applied, I shall now demonstrate to you in
analyzing the blood of the dog killed with 1 of a grain. We
take the blood from the heart and large vessels, mix it with twice
its bulk of distilled water, coagulate by boiling, and acidify it with
a few drops of acetic acid. The acid is added for two reasons :-
first, to ensure the complete coagulation of the albuminous
compounds; secondly, to retain the strychnine which had been
introduced into the blood as an acetate, in that state, or, if
changed into another salt, to retransform it into an acetate.
Our next point is to decolorize the blood; and that can be most
rapidly and most effectually done by filtering it, as is now
done, through crystals of sulphate of soda,-(this idea, as well
as that of decolorizing the blood by boiling it with sulphate of
soda, belongs to Professor Bernard, )-or through animal char-
coal. The clear filtrate is now to be concentrated, and the
strychnine precipitated by the addition of potash, (which, by
combining with the acetic acid, sets the strychnia free. ) The

strychnine is next to be collected on a filter, washed, and re-
dissolved by acetic acid. When thus purified, the physiological
test is to be applied in the manner already pointed out. In
the blood of the dog poisoned by 1 of a grain of acetate of
strychnine, none of the poison was detected in the blood.

POSTSCRIPT. ’

Since the foregoing notes were in the hands of the printer, I
have made several experiments, and found the following im-
portant results :-

1. Value of the physiological test.-Into the lungs of a very
small frog was injected a solution, containing only 1 of a
grain of the acetate of strychnine, (equal to about 1  of the

* Wourali and strychnine have, I find, the effect of reciprocally neutraliz-
ing each other, according as the one or the other poison is in excess. Being
occupied with experiments on the subject, I shall only cite three :-

lst. A frog was poisoned with 1 of a grain of Wourali. Three minutes
after he had become perfectly insensible, 1 of a grain of strychnia was in-
jected. In five minutes he became tetanic.

2nd. A frog was poisoned with 1 of a grain of strychnia. Three minutes
after tetanus was strongly marked, he was punctured with 1 of a grain of
Wourali. In seven minutes tetanus disappeared.

3rd. 1 of a grain of Wourali, and so of a grain of strychnia, were injected
into the abdomen of a frog at five minutes past one; at ten minutes past, it
became very tetanic; at half-past one (twenty minutes afterwards) it became
perfectly flaccid; and the next day it appeared perfectly well. This is the
more astonishing, as the dose of strychnia in this case was certainly more
than sufficient to kill it. Thus, it would appear, that strychnine might be
used as an antidote for Wourali, and Wourali for strychnine.

pure alkaloid;) in nine minutes and a half the animal became
violently tetanic, and died in two hours.

2. Strychnine does not prevent the blood of animals coagu-
lating after death; in some cases it even appears to hasten that
result.

3. Death is ushered in by flaccidity of the voluntary muscles.
4. The pupils dilate during the spasms, and contract in the

intervals, especially if the latter are well marked.
5. The flesh of animals killed by minimum doses of strych-

nine does not poison other animals-at least, I have fed a
hedgehog on poisoned flesh during fourteen days without being
able to detect the slightest symptom of poisoning. The poison
must, therefore, have been either decomposed, or not present
in sufficient quantity.

6. In animals poisoned by strychnine, the pulsations of the
heart cease, notwithstanding artificial respiration being regu-
larly kept up; but after a longer period than when no arti-
ficial respiration is employed.

7. In cases of poisoning by strychnine the muscles of the
heart rapidly lose their irritability.

8. When animals are killed by large doses, the heart almost
instantly loses its power of contraction, and mechanical or
galvanic stimulus soon fails to re-induce it.

This can be explained by the following experiments :-
9. If the hearts of two frogs be removed from the body, and one

placed in pure distilled water, the other in a solution of acetate
of strychnine, the former will pulsate regularly for more than
an hour, the latter will cease to beat in from one to five
minutes, according to the strength of the solution of the poison.
Rigor mortis speedily supervenes.

10. When the hind-legs of a frog prepared after Galvani’s
method are placed in separate vessels, one containing simply
distilled water, the other a strong solution of the acetate of
strychnia, the muscles of the former limb will continue to con-
tract when galvanism is applied, either directly to the muscles
themselves or through the medium of the nerves, long after
those of the limb suspended in the poison have lost their
contractile property, and perhaps even passed into a state of
rigor mortis.

It would thus appear that strychnine has the power of
directly destroying muscular irritability.
Valentin and others have shown that the lower extremities

of a frog, when freed from the skin, absorb oxygen and exhale
carbonic acid in definite proportion so long as muscular irrita-
bility continues, and have also pointed out that when irritability
ceases, an important change takes place in the amount of
oxygen absorbed and carbonic acid exhaled. In my experi-
ments on the blood, strychnine was found to destroy the pro-
perty possessed by the organic constituents of the liquid to
absorb oxygen and exhale carbonic acid. May strychnia not
act in a similar manner upon the muscles and other tissues of
the body? Upon this supposition we can easily explain why
the heart ceased to pulsate, and the voluntary muscles to
respond to the stimulus of galvanism, when placed in a solution
of strychnine, as well as to account for the fact that in animals
poisoned by strychnine the irritability of the voluntary and
involuntary muscles, as well as the excitability of the nerves,
disappears more quickly than when life is destroyed by other
means.

Dr. Brown-Seguard thinks that the action of strychnine
" consists in an increase of nutrition of the nervous centres, by
which excess of nutrition the reflex faculty becomes much
increased." The deeper I go into the subject the farther I
differ from this view, and the more am I inclined to believe
that strychnine acts by destroying the power of the tissues and
fluids of the body to absorb oxygen and exhale carbonic acid;
in a word, from thus arresting nutrition by preventing the
interchange of the gases in the animal economy.
Nottingham-place, Regent’s-park, 1856.

THE VACANT EXAMINERS HIP IN COMPARATIVE ANA-
TOMY IN THE UNIVERSITY OF LONDON.-We are glad to ob-
serve that Dr. Thomas Williams, of Swansea, is a candidate
for the Examinership in Comparative Anatomy and Physi-
ology at the University of London. Although practising in
the remote town of Swansea, Dr. Williams has associated his
name with as great an amount and variety of solid advance-
ment in these sciences as any one in this metropolis. That one
so circumstanced should have thus distinguished himself is
evidence of rare zeal, originality, and vigour of mind. We
are sure that his appointment would be hailed with satisfac-
tion by every one interested in the reputation and prosperity
of the University.


